The classifiad or limited status of
this document opplies to each page
thereof unless otherwise marked.

Separate poge rintouts MUST be

marked accordingly. i

e QYT TR TR TR ST a LT et W T







P
: o fox any p/u'wae

B Co- w1 When Gow.rmment jrawisgs, e, ificariens, or other date ave ussd
siher then i connesiion vuh & deflnitely o< sged Gov-
‘States Govarnriess

- ) | einment proevi.dent opessticy, the G
- obligetion whatsgever. and the fact tuat

S - - - 4

£ T R G % 40 Tosponsihilityunxay

w, = s S Ls = the Goverpuend may have fmmiwd furnisbed, Orin sny way" szzppﬁea

; T T the said drawings, opecification. -r m‘.ber dats, isonof to he regarded by
. R -implipaiien ~x otherwise .5 I 28y ue ~or Iic(ming the holder ox 2oy

wer mrm oo ebryoraﬂgm o con‘eaymx Ay rightse op purmissmn to
NEs, o7 sell Suy patented Ge/pstina st may inad ey be

Spoalved requister Ry a o
befm; Dowx%s;n&--‘&zm‘ Efs.msrwk
D&m&mencas Mm» mtr&ms‘ 26t -

e _ it :

x of ’thai‘t pro,oc:% oy coutrach

S

- the *eby'

“}




REPORT
by

REPCQRT 1878-9

THE OHIO STATE UNIVERSITY RESEARCH FOUNDATION
COLUMBUS JOHIO 43212

Sponsor

Contract Number

Irvestigation of

Subject of Report

Submitted by

DLate

Nztional Aeronautics

and Space Administration

Goddard Space Flight Center

Glen Dale Roac

e mwal. oM b Y O, . |
AT CTLIUTLLY 4AVia L y.Lau.u.

NAS5-.9507

20771
RV B

Tracking, Receiving, Recording and Analysis
~f Data fromn Echo Satellite

The Long Term Autocorrelation Functions of Echo

Reflected Signals

Stephen 1. Zolnay
Antenna Laboratory

Department of Electrical Engineering

31 December 1964

Availaile to MASA Offices and
HASA Domiers Oalv, |



S S v o3 B ity

- ———

ABSTRACT

This report presents the long term (time delays in excess of
100 seconds) autocorrclation unctions of Echo (I and II) reflected
signals., These ACF's are analyzed for possible long term periodicity
ir. the receive. signal, A periodicity on the order of 100 secondc has
been observed in an earlier analysis of Echo Il reflected 3ignais. In
this analysis, however, no such periodicity ha; been observed.
Several possible reasons are presented for these findings that differ
from the earlier ones, Recommendations are also made for obtaining
more significant results aboul the possibie rotation rate of the Echo
satellites,
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T8, LONG TERM AUTOCCRRELATION FUNCTIONS
OF ECHO REFLECTED SIGNALS

I. INTRODUCTION

There is but one autocorrelation function, ACF, of a given function,
i(t); ACF is defined 23

T/2

1
(1) $(1) = Lim T C f(t) f(t+v)dt,
T ~>oe JT/2

where v is the tirne delay by which f(t) is shifted relative to itself, and

T is the sample length taken from £f(t), Ideally T should be infinite; prac-
tically T is very :uuch finite. Furthermore, in practice the indicated
limiting procees is neglected, Thus, instead of the exact value of ACF
given ir Eq. (1), in practical situations one usually obtains scme statistical
estimate of it, Further, it is convenient {. divide the statistical estimates
of the ACF according to the length of T from which they were prepared.
ACF's prepared from 30-sec-long samples (with corresponding maximum
time delays, Tp,x = 3 sec) were called short-term ACF's., The ACF's
presented in this report were prepared from 200-sec or longer sample
lengths and Tyax = T. Hence the descriptive name long-term.

The funciion f(t) was the detector output in the receiving system of
the Satellite Communications Center of the Antenna Laboratory, The Ohio
State University, Coiumbus, Ohio. This output directly corresponds to
the instantaneous value of the received nower, The received signal was
cw at 2260 mc/sec; it originated frem .he Space Communications Facility
of Collins Radio Company at Dallas, Texas; and it was reflected by the
orbiting Echo (I and II) satellites. Five Echo II revolutions were selected
for analysis: 2626, 2653, 2816, 3040, and 3483; these are representative
of data collected on revolutions 2000 - 3500, Two Echo I revolutions ave
included for comparison: 18,166 and 18,966, These were selected from
passes which occurred during the same time as the five Echo II revolutions,

The purpose of this report is to present the long-texm ACF of Echo-
reflected signals and to analyze these in order to ascertain possible long-



term periodicily in the received signal., The pertinent peint. in the
reduction o1 uata will be discussed; move detailed de:cription has been
given elsewhere, : Deszcriptions of the receiving and transmitting sites
are also available,?®®

1. DISCUSSICN

It is an established fact that the ACF of a periodic function is
periodic. If the function f{t} in Eg. {1} contains a periodic component
varying with angular frequency, w_, then for very long T the ACF will
also contain a component varying at «. This can be readily ve ‘fied by
letting f{t) = sin wt in Eq. (l), resulting in an ACF which is prop »tional
to cos wr . This periodicity is alzo present for periodic functions, which
are not as smoothly varying as the sine function, Ccasider, for example,
a functicn which is mostly randomly varying but which has a fixed value
for some short time interval and these fixed values occur, say, 100
gseconds apart. The ACF of such a function would have peaks at T =0,

100, 200, ... e*c; and the time between peaks, or values of high correlatior
would be the same 100 sec as in the origiral function, In this sense the AC
of such a function would also be periodic,

This search for periodicty in the Eck~ -reflected signals originated
with observation of early telemetry transmissions from the beacons on
Ecbho [I. There are two beacons mounted on the equator of this satellite
which operate on slightly different frequencies. It has bezn observed that
transmiscions from the beacons fade out alternately and periodically. Fror
this fact and from the knowledge of the location of the transmitters and the
transmitting patterns of the antennas, a rotational period of approximately
100 seconds has been calculated for Echo II. It is not known whether Echo
Iis rotating. Another phenomenon, independent of beacon transmission,
which has been repsatedly observed at this laboratory can be readily ex-
plained by postulating that Echo II is rotating, While tracking Echo II it
has been observed that the amplitude scintillation rate, which is normally
about 10 maxima and minima per second, slowed clown considerably to one
or less maxinium and minimum per second. The scintillations and their
rate have been explained in terms of the doppler {requencies associated
with a moving rough surface,? Very slow fades or few cor no scintillations
should then correspond to no Doppler shift. It iz easy to see that the no
Doppler shift condition corresponds to viewing the rotating sphere at an
angle which is small when measured from the zxis of rotation, The probler
of determining the orientation of the axis of rotation can be solved by con-
sidering the mechani s of rotating bodies in 2 gravitational field. For the
purpcses of this report it is sufficient to stat: that this axis is most likely
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stahilized in space. Thus, it would be poasible for an cbserver tc sze
the satellite; at ieast some time, along its axis of rotation. A sample

of the recording proportional to tl.c received signal strengin is shown in
Fig. 1. To date, the only explanation found for the marked chang in
fading rate seen in this recordi.g is that tke satellite was observed in a
direc*icn which is close to the orientation of its axis of rotation at the
time the very slow fades occurred. Thus, having two independent argu=-
ments for the rotation of Echo II (telemnetry data and fading rates), it was
expected Lthat the long-termn ACF would be a means of measguring the rota-
tion rate, This investigation was successful with moncstatic signals.®

In this report the investigation is extended to signals reflected bictatically,

III. EXPERIMENTAL DATA

The output of the detector was recorded on a maynetic tape and
on a paper chart {see Fig. 1). From the magretic tape recording a high-
speed oscillographic chart was prepared vi <! T: .:ded the data taken
duri.g the pass and the calibration >f > veceiver and detector. The
calibration was plotted and sufficiz it pointe irom the graph we:re obtained.
Using ithese peints a tenth-order i, momial approximaticn w..» made to
the calibration curve., The coefii=ients ~f the polynomial wers z.ied to
remove ihe nonlinea_ities from ¢+ Jata tha: were caused by .-~ eceiver
and detector. The oscillograph w# ‘ampled five times per s~ -d and
a number ranging from 0 - 100 wz. assigned to the deflection . ' :;ed by
the signal., These points were traasicrred to punch-cards ani IBM
7094 -vas used to corapute the statist ‘<2l estimate of the ACT  ..cre details
of the data reductiun and the compute. orcgram for the A7 F . . given in
Reference 1.

The ocutput of the computer was plotted; these ,rzihs are shown in
Figs. 3-9, All the graphs are normalized to unity znd :sy are all zero for
T maxe Since Tymax was equal to T, it follows that the ACF approaches zero
as T T inaxe Since some cf the sample lengths were only about 200 seconds,
it was decided to let T ;max — T: the resulting triangular function was removed
from the ACF's. The procedure is illustrated in Fig, 2. Figure 2a shows
the ACF of f(t) where f(t) = 1 for 0< t< I, and f(t) = 0 elsewhere. Figure 2b
is the same 23 Fig. 2a except the a—mp_ﬁtude of f(t) is randomly varying. In
Fig. 2¢c ¢5(7) and ¢p(r) ar> plotted to the same scale. The values of ¢ are
read at points pi and the value of ¢p(7) is divided by ¢5(7). The result is the
right-hand plot in Fig., 2c, in which it is seen that the triangular function has
been effectively removed. Since ¢, converges to ¢y, as 1 = 7 4, little
attention should be paid to the corrected ¢( 1) plot in the immediate vicinity

of Trmax- This methed of correcting the ACF for the superimposed triangular

(88



function b - been applied tc Figs. 3-9, The corrected ACF's are shown
in Figs. lu-16,

The long-term ACF's shown in Fige, 3-9, and the adjusted ones
shown in Figs. 10-16, were examined for periodicity, It can be said that
none of .he figures show any apparent periodicity *nat could be correlated
with the claimed 100-second rotaticnal perioa or with any raultiple or sub-
multiple of that period. This observation is coneistently true for Echo I
and Echo il data. The apparent lack of this jericdiciiy “owever, does not
contradict earlier findinge.® The data utilized ‘a this eport were differ-
ent from the data on which the earlier findings werz based in at least two
respects: the sample longth was considerably shorter and the reflection at
the satellites was bistatic (maximum bistatic angles were on the order of
100 degrees). The possibility that Echo II has stopped rotating since the
last long-term ACF analysis, or that at least its rotatioral rare has changec
significantly, should not be excluded from consideration in evaluating these
ACF's. To establish the existence of the possible rotation of Echo II and
to ascertain the rotational rate with statistically significant accuracy, it
is necessary to obtain monostatical’v reflectec signals that are uninter-
rupted for ten times the duration of one rotational period; in the present
case this requirement means several 15-minute periods of uninterrvpted
signal strength recording,

IVv. SUMMAPRY

The purpose of this report is to present the long-term 2ucocorrelation
function of Echo-reflected signals and to analyze these in o: ’er to ascerta..
possible long-term periodic’'ty in the received signals. Accordingiy, data
collected on five Ec*o 11 revolutions were analyzed; these data were repre-
sentative of all data collected on recent Eche II revolutions (2000 - 3500),
Data ccliecied or: ‘'wo Echo I revolutions have also been included. These
were selected from the same period during which the Echo II revolutions
occurred. The data corresponding to the received signal level was digitized
at the rate of five samples per second, linearized, and the ACF was obtained
from the linearized data with the aid of a computer. The ¢ mputer outputs
were graphed and further processed for easy evaluation of any periodicity
in the prepared ACFis, No apparent periodicity has been found in these
ACF's, This finding, however, does not contradict ea:iier ones® because
of (a) different sample lengths, (b) different reflecting configurations =2t
the satellites, and (c) the possibility of changes in the rotation rate of Echo
Il since the earlier ACF analysis, Recormmendations are made for obtain-
ing atatistically significant results about the possible rotation rate of the
Echo satellites.
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Fig. 2. [lustration of the procedure of removing the
triaagular function superimposed on the ACF
when v, = T.
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0.8— Echoll Revoiution 3483
T =198 Seconds
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0 00
Time Delzy v (Seconds)

Fig. 7. The long-term autocorrelation function of

Echo II-reflected signals.
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Fig. 10. The long-term autocorrelation function
of Echo Il-refiected signals., Triangular
function removed.
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Fig. 11. The long-term autocorrelation function of
Echo II-reflected signals. Triangular
function removed.
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Fig. i2. The long-term autocorrelitiin function of
Echo Il-reflected signals  riangulor
function removed.
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